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[57] ABSTRACT 

Novel hydroxy-,alkoxy-and benzyloxy-substituted 
phospholipids, a process for the preparation thereof, 
and methods for treating pain, phospholipase A2 medi- 
ated inflammation and similar conditions utilizing com- 
pounds or compositions thereof are disclosed. 
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METHODS OF USING HYDROXY-, ALKOXY- AND or2 q r4 Formula ii 

BENZYLOXY-SUBSTJTTJTED PHOSPHOLIPIDS ^ I II _ + ^ 5 

TO TREAT PHOSPHOLIPASE A 2 -MEDIATED R ' (CH2) * C— (CH 2 ) 3 — O— P— CHCH^ N^R 

CONDITIONS AND TO ALLEVIATE PAIN 5 H o- R 6 

This is a division of application Ser. No. 367,926 filed wherein Ri is selected from the group consisting of 

June 15, 1989 now U.S. Pat. No. 5,030,733 which is a hydrogen, substituted and unsubstituted phenyl radi- 

.» r i- cals, and substituted and unsubstituted phenoxy radi- 

contmuation-m-part application of prior application in , , „ „ . . . »\_ _ 

M * n *yZ. . * » „„„„ , . , cals; R 2 is selected from the group consisting of hydro- 

Ser. No. 076,966 filed July 23, 1987 now abandoned. « i « i_ * i- t_ 7 - i 

. ' ; J 7 ' !, t gen, alkyl radicals havmg up to 6 carbon atoms inclu- 

This mvention relates to hydroxy-, alkoxy- and ben- sivC| ^ phenyl-substituted and phenyl-unsubstituted 

zyloxy-substituted phospholipids. More particularly, benzyl radicals; R 4 is an alkyl radical having up to 6 

this invention relates to alkylphospolipids of the for- carbon atoms, inclusive; R 5 and R 6 are independently 

mula: 15 alkyl radicals having up to 6 carbon atoms, inclusive, or 

taken together with the nitrogen atom to which they are 

OR2 Q Formula I attached form a group of the formula 

R 1 — A— C— (CH 2 ) m — O— P— O— A 1 — R ? 

H O- 

wherein R 1 is selected from the group consisting of 
hydrogen, substituted and unsubstituted phenyl radi- 
cals, and substituted and unsubstituted phenoxy radi- 


20 R* 

+/ 
-N-(CH 2 )r 


{ > 

\— WfT- - 


25 W(H) a 


cals; R2is selected from the group consisting of hydro- wherein r is 0 or 1; s is an integer which, depending 
gen, alkyl radicals having up to 6 carbon atoms, inclu- upon t h e valency of W, has a value of from 0 to 2 inclu- 
sive, and phenyl-substituted and phenyl-unsubstituted sive; W is selected from the group consisting of carbon, 
benzyl radicals; R 3 is 30 oxygen, nitrogen and sulfur atoms, with the proviso that 

when W is other than a carbon atom, r is I; x is an 

4 integer having a value from 1 to 20 inclusive; and y is an 

+ s integer having a value from 2 to 5 inclusive; the geomet- 

— N— R 5 rical isomers or optical antipodes thereof. 

Nv R 6 35 Subgeneric to the phospolipids of this invention are 

compounds wherein: 

wherein R 4 is an alkyl radical having up to 6 carbon {5 « ! - S hydro ^ en; i . r 

i , T , . , (b) R 1 is a group of the formula 
atoms, inclusive; R 5 and R° are independently alkyl 

radicals having up to 6 carbon atoms, inclusive, or, ^ 

taken together with the nitrogen atom to which they are /^ = V^-^ 

attached form a group of the formula ^ 


r4 


-N-(CH 2 ) r 

{ > 

> — wn-i 


wherein a is an integer having a value from 0 to 2, inclu- 
sive, X is selected from the group consisting of alkyl 
radicals having 1 to 6, preferably 1 to 3, carbon atoms, 
inclusive; alkoxy radicals having 1 to 6, preferably 1 to 
50 3, carbon atoms, inclusive; and halogen, preferably 
fluorine or chlorine, hydroxy, and trifluoromethyl radi- 
wherein r is 0 or 1; s is an integer which, depending cals; wherein for each value of a, X may be the same or 
upon the valency of W, has a value from 0 to 2 inclu- different; 

sive; and W is selected from the group consisting of (c) R 1 is a group of the formula 

carbon, oxygen, nitrogen and sulfur atoms, with the 55 

proviso that when W is other than a carbon atom, r is 1; , ^ r)b 

A is a divalent radical of the formula — C«H2« — _ / 3c"" 

wherein n is an integer having a value from 1 to 20, 
inclusive; m is an integer having a value of 3 or 4; A 1 is 
a bivalent radical of the formula — C»H2p — wherein p is 60 

an integer having a value from 2 to 10, inclusive with wherein b is an integer having a value from 0 to 2, 
the proviso that the sum of n and P does not exceed 25; ^lusive, and Y is selected from the group consisting of 
. .,. . , . . ' alkyl radicals havmg 1 to 6, preferably 1 to 3 carbon 

the geometrical isomers or optical antipodes thereof, atoms> inclusive; aIkoxy radicals having , to 6> prefera . 

which are useful as antunflammatory agents alone or in 65 bly j to 3 carbon at0 ms, inclusive, and halogen, prefera- 

combination with one or more adjuvants. bly fluorine or chlorine, hydroxy, and trifluoromethyl 

Preferred alkylphospolipids of this invention are radicals; wherein for each value of b, Y may be the same 

compounds of the formula: or different; 
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(d) R 2 is hydrogen; 

(e) R 2 is an alkyl radical having up to 6 carbon atoms 
inclusive; 

(0 R 2 is 


10 


wherein c is an integer having a value of 0 or 1, and Z 
is an alkoxy radical having 1 to 6, preferably 1 to 3, 
carbon atoms, inclusive; 
(g)R 3 is 


R 4 

-N— R 3 


wherein R 4 » * 5 and R 6 are independently alkyl radicals 
having up to 6 carbon atoms, inclusive; 
(h) R 3 is 


R« 

+/ 

— N-<CH 2 ), 

i > 


15 


20 


25 


R* 

— N— R 3 

\. 

wherein R 4 is an alkyl radical having up to 6 carbon 
atoms inclusive, and R 5 and R 6 together with the nitro- 
gen atom to which they are attached form a group of 
the formula 


30 


35 


40 


wherein W is selected from the group consisting of 
carbon, oxygen, sulfur and nitrogen atoms; s is an inte- 
ger which, depending upon the valency of W, has a 45 
value from 0 to 2 inclusive; and r is 0 or 1. 

(i) A is — C„H2fl — wherein n is an integer having a 
value from 1 to 20, inclusive, preferably from 7 to 17, 
inclusive; and 

(j) A is — <CH2)je — wherein x is an integer having a 50 
value from 1 to 20, inclusive, preferably from 7 to 17, 
inclusive; 

(k) A 1 is — CpH.2p — wherein p is an integer having a 
value from 2 to 10, inclusive, preferably 2 to 5, most 
preferably 2; 55 

(1) A 1 is — (CH2)y — wherein y is an integer having a 
value from 2 to 5, inclusive. 

As used herein the term "alkyl" refers to a straight or 
branched chain hydrocarbon radical containing no un- 
saturation, such as, for example methyl, ethyl, 1 -propyl, 60 
2-propyl, 1-butyl, 1-pentyl, 2-pentyl, 3-hexyl and the 
like; the term "alkoxy" refers to a monovalent substitu- 
ent which consists of an alkyl group linked through an 
ether oxygen and having its free valence bond from the 
ether oxygen such as, for example methoxy, ethoxy, 1- 65 
and 2-propoxy, 1-butoxy, 1,2-dimethylethoxy, 1- and 
2-pentoxy-, 3-hexoxy- and the like; and the term "ben- 
zyloxy" refers to a monovalent substituent which con- 


sists of a benzyl group linked through an ether oxygen 
and having its free valence bond from the ether oxygen; 
the term "halogen" refers to a member of the family of 
fluorine, chlorine, bromine or iodine; the term "phe- 
noxy" refers to a monovalent substituent which consists 
of a phenyl group linked through an ether oxygen and 
having its free valence bond from the ether oxygen; the 
term "alkanol" refers to a compound formed by a com- 
bination of an alkyl group and a hydroxy radical such 
as, for example methanol, ethanol, 1- and 2-propanol, 
t-butanol, and the like; and the term "alkanoic acid" 
refers to a compound formed by combination of a car- 
bonyl group with a hydrogen atom or alkyl group such 
as, for example, formic acid, acetic acid, propanoic acid, 
2,2-dimethylacetic acid, hexanoic acid and the like. 

The hydroxy-, alkoxy- and benzyloxy-substituted 
phospholipids of this invention are synthesized by the 
processes illustrated in Reaction Schemes A, B, C, D 
and E. 

As shown by Reaction Scheme A, benzyloxy- or 
alkoxy-substituted alkanols of the formula 

OR 2 

R 1 — CH 2 «— CH— (CH2) m — OH 

wherein R 1 is hydrogen, are produced by reacting an 
aldehyde 1 with an organ ometallic reagent 2 to produce 
an hydroxy-substituted 1-alkene 3 which is hyd rated to 
an alkan-l-ol 5 via the corresponding alkoxy- or ben- 
zyloxy- substituted 1-alkene 4. 

The reaction between the aldehyde 1 and the organo- 
metallic reagent 2 is generally conducted at a tempera- 
ture of from about 0* C. to about 100' C. under anhy- 
drous conditions in the presence of a inert organic sol- 
vent. Preferred reaction temperatures are subject to 
variation depending, in part, upon the reactivity of the 
particular organometallic reagent employed. Among 
the organometallic reagents there- may be mentioned 
alkenylmagnesium halides and alkenyllithium com- 
pounds having a terminal double bond such as, for ex- 
ample, allylmagnesium bromide, allylmagnesium chlo- 
ride, allylmagnesium iodide, 3-butenylmagnesium bro- 
mide, allyllithium, and the like. Allylmagnesium bro- 
mide is preferred'. Suitable solvents for the reaction 
include ethers such as diethyl ether, dioxane, tetrahy- 
drofuran, and the like; and, depending upon the stability 
of the organometallic reagent, aromatic hydrocarbons 
such as benzene, toluene, xylene, and the like. It should 
be noted, however, that a solvent selection is limited by 
the solubility of the particular organometallic reagent 
employed. Ethereal solvents, particularly tetrahydrofu- 
ran, are preferred. 

The alkoxy- or benzyloxy substituted 1-alkenes 4 are 
produced by reacting the hydroxy-substituted 1-alkene 
3 with an alkyl or benzyl halide (e.g. benzyl bromide, 
benzyl chloride, benzyl iodide, methyl bromide, ethyl 
bromide, and the like) under basic conditions. Among 
the bases which may be employed in this reaction are 
alkali metal hydrides, alkali metals, and the like, includ- 
ing, for example, sodium hydride, potassium hydride, 
sodium, and potassium. Sodium hydride is preferred. 
The reaction is generally conducted under anhydrous 
conditions in the presence of an ethereal and/or dipolar 
aprotic solvent such as tetrahydrofuran, dioxane, di- 
ethyl ether, bis(2-methoxyethyl)ether, 1,2-dimethoxye- 
thane, dimethylformamide, dimethylacetamide, dimeth- 
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ylsulfoxide, and hexamethylphosphoramide. Preferred 
solvents include tetrahydrofuran, dimethylformamide, 
and mixtures thereof. 

Conversion of the alkoxy- or benzyloxy-substituted 
1-alkene 4 to the corresponding 1-alkanol 5 may be 5 
accomplished by reacting the 1-alkene 4 with an appro- 
priate hydroborating agent, followed by oxidation of 
the resulting borane to an alcohol 5. Among the hy- 
droborating agents there may be mentioned 9-borabicy- 
clo[3.3.1]nonane, diborane, and dialkylboranes such as 
dimethyl borane, diethyl borane, and the like. 9- 
Borabicyclo[3.3.1]nonane is preferred. Depending upon 
the activity of the hydroborating agent, the reaction is 
conducted under an inert atmosphere. For example, 15 
when the hydroborating agent is 9-borabicyclo[3.3.1- 
]nonane, it is recommended that the reaction be con- 
ducted under nitrogen. The hydroboration of the 1- 
alkene 4 is conducted at a temperature of from about 0° 
C. about 50° C, preferably from about 0° C. to about 20 
20* C, in the presence of an inert organic solvent. Suit- 
able solvents include ethereal solvents, aromatic hydro- 
carbons, halocarbons, and the like, such as, for example, 
tetrahydrofuran, diethylether, dioxane, benzene, tolu- 
ene, xylene, dichloromethane, 1,1- and 1,2-dichlorome- 25 
thane, 1,1- and 1,2-dichloroethene and the like. Ethereal 
solvents, particularly tetrahydrofuran are preferred. 
Oxidation of the borane is conventionally accomplished 
by treatment with alkaline hydrogen peroxide at a tem- 
perature of from about 0 e C. to about 100° C. Preferred 
temperatures for the oxidation range from about 20° C. 
to about 50° C. 

As illustrated by Reaction Scheme B, benzyloxy- or 
alkoxy-substituted alkanols of the formula 


30 


35 


OR 2 
I 

R 1 — C„H 2 „— C—(CH 2 ) W — OH 
H 


40 


wherein R 1 is a phenyl or phenoxy group, may be pre- 
pared by treating a 1-alkene 6 with ozone followed by 
an appropriate organometallic reagent to produce an 
hydroxy substituted 1-alkene. Conversion of the hy- 45 
droxy-substituted 1-alkene 3 to the corresponding al- 
koxy- or benzyloxy-substituted 1-alkene 4, followed by 
hydration of the terminal double bond provides an al- 
koxy- or benzyloxy- substituted alkan-l-ol 5. Treatment 
of the 1-alkene 6 with ozone is generally conducted at 50 
temperatures of from about —70" C. to about 0* C. in 
the presence of an anhydrous organic solvent. Suitable 
solvents include aromatic hydrocarbons and ethereal 
solvents such as benzene, toluene, xylene, diethyl ether, 
tetrahydrofuran dioxane and the like. In general, tolu- 
ene is the preferred solvent. Appropriate organometal- 
lic reagents are as described in the context of Reaction 
Scheme A. As organometallic reagents, Grignard rea- 
gents, particularly allylmagnesium bromide, are pre- ^ 
f erred. In general, the organometallic reaction is con- 
ducted at a temperature of from about 0" C. to about 
100" C, preferably from about 0° C. to about 65° C. 

The hydroxy substituted alkene 3 is treated with an 
alkyl halide to produce a benzyloxy- or alkoxy-sub- 65 
stituted alkene 4, which is converted to an alkan-l-ol, 5 
via the corresponding borane, all as previously de- 
scribed in the context of Reaction Scheme A. 


Reaction Scheme C illustrates an alternative synthesis 
for the production of benzyloxy- or alkoxy-substituted 
alkan-l-ols of the formula 


- OR 2 
I 

R 1 — C„H 2n — C— (CH 2 ) m — OH 
H 


wherein R 1 is hydrogen. As shown by this scheme, an 
alkyl metal haiide 7 is reacted with a (tetrahydro-2H- 
pyran-2-yl)oxy-substituted aldehyde 8 to produce an 
hydroxy-substituted alkane 9, which is thereafter con- 
verted to the corresponding alkoxy or benzyloxy-sub- 
stituted alkane 10 and subsequently cleaved to an alkan- 
l-ol 5. 

The reaction of the alkyl metal halide 7 and aldehyde 
8 is typically conducted under anhydrous conditions at 
a temperature of from about 0° C. to about 100° C. in the 
presence of an inert organic solvent. Preferred reaction 
temperatures range from about 0° C. to about 35° C. 
Among the appropriate solvents there may be men- 
tioned ethereal solvents such as dioxane, diethyl ether, 
tetrahydrofuran and the like. Diethyl ether is preferred. 
Conversion of the hydroxy- substituted alkane 9 to the 
corresponding benzyloxy- or alkoxy- substituted alkan- 
l-ol 5 may be accomplished by treatment with an alkyl 
or benzyl halide followed by cleavage of the (tetrahy- 
dro-2H-pyran-l-yl)oxy group of the alkoxy or ben- 
zyloxy- substituted alkane 10. Treatment of the hy- 
droxy-substituted alkane 9 with an alkyl or benzyl hal- 
ide is conveniently accomplished under basic conditions 
at a temperature of from about 0" C. to about 100° C. in 
the presence of an inert organic solvent. Suitable sol- 
vents include ethereal solvents such as diethyl ether, 
dioxane, 1,2-dimethoxyethane, tetrahydrofuran and the 
like, as well as polar aprotic solvents such as dimethyl- 
formamide, dimethylacetamide, dimethylsulfoxide, hex- 
amethylphosphoramide, and the like. Tetrahydrofuran 
or dimethylformamide is preferred. Suitable bases in- 
clude alkali metal hydrides such as sodium hydride, 
potassium hydride, and the like, and alkali metals such 
as sodium and potassium. Sodium hydride is preferred. 
Optionally, the reaction is conducted in the presence of 
a promoter such as, for example, tetrab ut y 1 ammonium 
iodide. 

Cleavage of the (tetrahydro-2H-pyran-l-yl)oxy 
group is achieved by treatment of the alkoxy- or ben- 
zyloxy-substituted alkane 10 with an appropriate acid 
(e.g. hydrochloric acid, sulfuric acid, hydrobromic 
acid, and the like), preferably hydrochloric acid), at a 
temperature of from about 0 to about 100" C, prefera- 
bly from about 25 to about 50, in the presence of a 
suitable organic solvent. Suitable solvents include alka- 
nols such as, for example, methanol, ethanol, propanol, 
and the like. Ethanol is preferred. 

As shown by Reaction Scheme D, Formula I com- 
pounds wherein A 1 is — C2H4 — may be prepared by 
phosphorylating an alkoxy- or benzyloxy-substituted- 
alkan-l-ol 5 with 2-chloro-2-oxo-l,3,2-dioxaphospho- 
lane 11, and reacting the resultant cyclic triester 12 with 
a tertiary amine 13 to form an alkylphospholipid 14. 

The phosphorylation of the substituted alkan-l-ol 5 
(i.e. an alkanol of the formula 
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OR 2 
I 

R>— C fl H 2n -C-(CH 2 V— OH 

H 5 

wherein R 1 is hydrogen, a phenyl group, or a phenoxy 
group; see Reaction Schemes A, B and C) by reaction 
with 2-chloro-2-oxo-l,3,2-dioxaphospholane 16 is gen- 
erally conducted under anhydrous conditions at a tern- 10 
perature of from about 0" to about 100" C. in the pres- 
ence of an inert organic solvent. Preferred temperatures 
for the phosphorylation reaction range from about 0* to 
about 30* C. Suitable solvents include ethereal solvents 
such as, for example, dimethyl ether, tetrahydrofuran, 
dioxane, dimethoxyethane and the like, aromatic hydro- 
carbons such as benzene, toluene, xylene and the like, 
halocarbons such as chloroform, methylene chloride; 
and the like, and mixtures thereof The reaction is op- 2Q 
tionally conducted in the presence of an acid acceptor. 
Among the suitable acid acceptors there may be men- 
tioned organic bases, such as, for example tertiary and 
heterocyclic amines (e.g., trimethyl, tripropyl, triethyl 
amine, pyridine, picoline, lutidine, collidine and the 25 
like). Mixtures of (a) triethylamine or pyridine and (b) 
tetrahydrofuran or toluene are preferred. 

The conversion of the cyclic triester 12 to a phospho- 
lipid 14, is typically accomplished under anhydrous 
conditions in the presence of an inert organic solvent at 3Q 
a temperature of from about 0* C. to about 100" C, 
preferably from about 60" C. to about 80" C. In addition 
to the ethereal and halocarbon solvents mentioned 
supra in connection with the phosphorylation reaction, 
suitable solvents include polar aprotic solvents such as 35 
dimethylformamide, dimethylacetamide, hexamethyl- 
phosphoramide and the like, and acetonitrile. Acetoni- 
trile is preferred. Selection of the tertiary amine 13 is 
determined in part by the quaternary group desired in 
the resultant alkylphospholipid 14. Among the tertiary ^ 
amines 13 are aliphatic amines such as, for example, 
trimethylamine, triethylamine, N,N-dimethylethyl 
amine and the like; and heterocyclic amines such as, for 
example, N-alkyl pyrrolidines, piperidines, piperazines, 
morpholines, thiomorpholines and the like, such as, for 45 
example, N-methylpyrrolidine, N-ethylpyrrolidine, N- 
methylpiperidine, N-methylpiperazine, 1,4-dimethyl- 
pipera2ine, 4-methylmorpholine, 4-ethylmorpholine, 
and the like. Trimethylamine and N-methylpyrrolidine 
are preferred. 50 

Benzyloxy-substituted alkylphospholipids 14 are con- 
verted to the corresponding hydroxy -substituted alkyl- 
phospholipids 15 by hydrogenation in the presence of 
an appropriate catalyst. The hydrogenation reaction is 
conducted at a temperature from about IS* C. to about 35 
100* C. and a hydrogen gas pressure of from about 1 
atmosphere to about 10 atmospheres in an appropriate 
solvent. Hydrogenation temperatures of from about 20* 
C. to about 30* C. and hydrogen gas pressures of from 
about 1 atmosphere to about 4 atmospheres are pre- 60 
ferred. Among the suitable solvents for the hydrogena- 
tion reaction are alkanols, including methanol, ethanol, 
2-propanol, and the like; alkanoic acids, including for- 
mic acid, acetic acid and propanonic acid and the like; 
and the alkyl esters of the aforementioned alkanoic 65 
acids. Preferred solvents are ethanol, mixtures of etha- 
nol and acetic acid, and mixtures of ethanol and ethyl 
acetate. Catalysts include nobel metals (e.g. palladium, 


platinum and rhodium). 5% palladium on carbon is 
preferred. 

Alternatively, as shown in Reaction Scheme E, com- 
pounds wherein A 1 is a bivalent radical of the formula 
— CpH2/» — wherein p is as previously defined may be 
prepared by reacting an alkoxy- or benzyloxy substi- 
tuted alkan-l-ol 5 with an appropriate phosphorylating 
agent 16, followed by quaternization of the resultant 
phosphate diester 17 to an alkylphospholipid 18. In- 
cluded among the phosphorylating agents suitable for 
use herein are haloalkyl phosphor odichloridates such as 
2-bromoethyIphosphorodichloridate, 2-chloroethyl- 
phosphorodichloridate, 2-iodoethylphosphorodichlori- 
date, 4-bromobutylphosphorodichloridate, 6- 
bromohexylphosphodichloridate and the like. The 
phosphorylation reaction is generally conducted under 
anhydrous conditions in the presence of a basic organic 
solvent. Basic organic solvents include aliphatic and 
heterocyclic tertiary amines such as trimethylamine, 
triethylamine, pyridine, and the like. The reaction may 
be conducted in the presence of an appropriate co-sol- 
vent. Suitable co-solvents include etheral solvents such 
as diethyl ether, dioxane, tetrahydrofuran and the like; 
aromatic hydrocarbons such as benzene, toluene, xylene 
and the like; and halocarbons such as dichloroethane, 
chloroform methylene chloride, and the like. Mixtures 
of triethylamine or pyridine and diethyl ether are pre- 
ferred. The phosphorylation reaction may be conducted 
at a temperature of from about 0* C. to about 25* C. 
Preferred reaction temperatures are subject to variation 
depending upon the reactivity of the particular reac- 
tants employed. 

Quaternization of the phosphate diester 17 to the 
alkylphospholipid 18 is conveniently accomplished 
under hydrous or anhydrous conditions utilizing the 
tertiary amines previously described in Reaction 
Scheme D. Trimethylamine and N-methylpyrrolidine 
are preferred. The quaternization reaction may be con- 
ducted at a temperature of from about 20" C. to about 
100* C, in the presence of an appropriate solvent. 
Among the suitable solvents there may be mentioned 
polar aprotic solvents such as dimethylacetamide, di- 
methylformamide, hexamethyl phosphoramide, di- 
methyl sulfoxide and the like; halocarbons such as di- 
chlorom ethane, chloroform, dichloroethane and the 
like; ethereal solvents such as diethyl ether, dioxane, 
tetrahydrofuran and the like, alkanols such as methanol, 
ethanol, I- and 2-propanol and the like; acetonitrile and 
the like; and mixtures thereof. Acetonitrile and mixtures 
of acetonitrile and isopropanol are preferred. Desirably, 
water is present as a co-solvent. Preferably the reaction 
is conducted at the reflux temperature of the solvent 
medium and the resultant adduct is treated with silver 
carbonate to generate the desired product 18. Hydroge- 
nation of the benzyloxy-substituted phospholipid 18, 
under conditions as previously described, forms the 
corresponding hydroxy-substituted alkylphospholipid 
19. 

It is a purpose of this invention to provide a method 
of treating and/or preventing phospholipase A2 medi- 
ated inflammatory and related conditions by inhibiting 
the lipolytic ability of phospholipase A2. Phospholipase 
A2, an enzyme involved in phospholipid degradation as 
well as various metabolic regulatory processes, has been 
linked to the initiation of the arachidonic acid cascade. 
Derivatives produced by the various enzymes of the 
cascade include prostaglandins, eicosatetraenoic acids, 
eicosatrienoic acids, thromboxanes and leukotrienes. 
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25 


The presence of several of these hydroxylated deriva- 
tives is associated with diseases or conditions which 
include systemic inflammation, ocular infiammationj 
dermal inflammation, rheumatoid arthritis, erythema 
and allergic responses (e.g. asthma, hay fever, etc.). 
Blocking the production of such derivatives as a means 
of suppressing inflammatory conditions in animal mod- 
els is disclosed, for example, by R. J. Flower, in Nature, 
Vol. 320, p. 20, Mar. 6, 1986. 

The phospholipase A2 inhibiting ability of the com- 
pounds of this invention was evaluated by means of a 
modification of the assay procedure disclosed by H. S., 
Hendrickson, E. K., and Dybvig, R. H. in Chiral Syn- 
thesis of a Ditholester Analog of Phosphatidylcholine 
as a Substrate for the Assay of Phospholipase A2, Jour- 
nal of Lipid Research, Vol. 24, pp 1532-1537 (1983) 
(hereinafter "Hendrickson et al.**)« The substrate em- 
ployed in the modified assay, was l,2-bis(decanoylthio)- 
1 ,2-dideoxygl ycerol-3-phosphocholine (hereinafter 
"Thio Pc Substrate"). The enzyme utilized in the proce- 20 
dure was phospholipase A2 isolated from rat perito- 
neum as follows: 

Male Wistar rats weighing 200-300 g a piece were 
injected interperitoneally at a dosage of 50 ml/kg of 
body weight (20 g of casein as the sodium salt diluted to 
500 ml in distilled water). After a period of 1 8-24 hours 
the animals were sacrificed. Thereafter, each animal 
was injected interperitoneally with 30 ml of an isotonic 
salt solution to which sodium heparin was added prior 
to use at a concentration of 5 units/ml. Enzyme-con- 
taining exudate was aspirated through an abdominal 
incision. Separation of the enzyme from the exudate 
was accomplished by centrif ligation. 

Pursuant to the assay procedure, Thio Pc Substrate - 
was apportioned into 1.25 mg aliquots. To each aliquot 35 
was added 4 ml of 160 mM tris hydrogen chloride 
buffer (pH 7.5) containing 2mM of calcium chloride and 
2mM of sodium taurocholate. The resulting dispersions 
were vortexed at room temperature to clear solutions. 
Inhibition activity of the alkylphospholipids of this 
invention was determined utilizing spectrophotometric 
samples prepared by the addition of 5 ul of 4,4'dithi- 
opyridine and 395 ml of buffered Thio Pc substrate to a 
perincubated dispersion of 50 ul of alkylphospholipid 
(appropriately diluted in buffer) in 50 ul of enzyme 
(appropriately diluted in buffer). Absorbence at (0.5 full 
scale) was recorded at a chart speed of 2 cm/min on a 
Gilford Model 250 Spectrophotometer. 

The percentage of phospholipase A2 inhibition was 
calculated by means of the following formula: 
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TABLE 1 -continued 


Compound 


% PLA2 Inhibition 


50 


»«* Inhibition, 00- 


X 100 


wherein "inhibitor slope" is the slope of the spectropho- 
tometric curve obtained for a given alkylphospholipid- 
containing sample and "control slope" is the slope of 
the spectrophotometric curve obtained for an otherwise 
identical sample lacing an inhibitor. 

The phospholipase A2-inhibiting ability of several of 
the compounds of this invention are provided in the 
following Table: 

TABLE 1 


55 


60 


Compound 


% PLA 2 Inhibition 


65 


4-hydroxy-N,N,N-trimethyl-9- 
phenylmethoxy-3,5-diaxa-4- 
phoiphate t racosan- 1 -aminium, 


41.8% @ 1.0 X 10-*M 


4-oxide, hydroxide, inner salt 






monohydrate 






4,9-dihydroxy-N,N,N-trimeihyl-3,5- 

45.6% 

@ 1.0 X 

io- 

dtot ft-i-nhf^nhftt^trsif^o^sm.. 1 -a minium 






4-oxide, hydroxide, inner salt 






sesquihydrate 





-5m 

4-hydroxy-N,N r N-trimethyl-9- 

•ICso 


8.4 X 

io- 

phenylmethoxy-3,5-diaxa-4- 






phosphahexacosan-l-ajninium, 






4-oxide, hydroxide, inner sail 






monohydrate 





" 3 M 

4,9-dihydroxy-N,N,N-trimethyl- 

•iCso 


9.5 X 

io- 

3,5-dioxa-4-phosphapentacosan- 1 - . 






aminium, 4-oxide, hydroxide, 






inner salt monohydrate 





- 5 M 

Quinacrine 

*1C50 


3.1 X 

10" 


•wherein IC W is that concentration of inhibitor which reduces enzymatic activity by 

50% 

Thus, the products of the present invention are useful 
to inhibit phospholipase A 2 in a mammalian system 
whenever it is deemed necessary or desirable. They are 
especially useful in treating symptoms or conditions 
resulting from excessive stimulation of the arachidonic 
acid cascade during certain disease processes or condi- 
tions such as inflammation, erythema and allergic re- 
sponses. 

Although the precise mechanisms of the disease pro- 
cesses or conditions which stimulate the arachidonic 
acid cascade are not clearly understood, the essential 
prerequisite appears to be an enhanced activity of the 
phospholipases which provide arachidonate to the se- 
ries of biochemical reactions designated as the arachi- 
donic acid cascade. The method of this invention is 
simply to block the action of the phospholipases and cut 
off the flow of arachidonate into the cascade, irrespec- 
tive of the stimuli which may be present. This can be 
accomplished by compounds of the present invention. 
Thus, the method of this invention is suitable for treat- 
ing a myriad of seemingly unrelated diseases whose 
common element is the stimulation of the arachidonic 
cascade. 

The phospholipids of the invention are effective in 
the treatment of phospholipase A2 mediated inflamma- 
tory conditions when administered orally, peritoneally, 
intraveneously or topically to a subject requiring such 
treatment at a dose of from about 0.1 to about 60 mg/kg 
of body weight per day. 

It is to be understood that specific dosage regimens 
should be adjusted according to the individual need of a 
particular subject and the professional judgment of the 
person administering or supervising the administration 
of the compounds of this invention. Individual require- 
ments will depend on factors which include the particu- 
lar phospholipase A2 mediated inflammatory condition 
being treated and its severity; the age, weight, physical 
condition, and sex of the subject; as well as the particu- 
lar administrative method(s) employed. 

The compounds of the present invention are also 
useful as analgesic agents due to their ability to alleviate 
pain in mammals. The activity of the compounds is 
demonstrated in the phenyl-para-quinone writhing 
assay in mice, a standard assay for analgesia [Proc. Soc. 
Exptl. Biol. Med., 95, 729 (1957)]. Presented in Table 2 
is the analgesic effect of some of the compounds of the 
invention expressed as either the subcutaneous dose at 
which 50% of the phenyl-para-quinone induced writh- 
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ing is inhibited in the animals, i.e., the ED50 value, or at 
the % decrease in writhing at a give dose. 
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TABLE 2 


Analgesic PQW 


% Inhibition of 

Compound 

Writhing at 

20 mg/kg, s.c. 

4-hvdroxv-N N N-trimelHvl-9- 


phenyl met hoxy-3, 5-dio:*a-4- 


ohosohaoctafiecAn*- 1 -unin i u m 


4-^)xide hvdraxicfe intt^r *A\t 


monohydrate 


4-hydroxy-N,N,N-trimethyl-9- 

36% 

phcnylmethoxy-3,5-dioxa-4- 


phosphatetracosan- ] -arnin i u tn , 


4-oxide, hydroxide, inner salt 


monohydrate 


4,9-dihydroxy-N,N,N-trimethyl-3,5- 

48% 

dioxa- 1 8-phenaxy-4-phosphaoctadecan- 


1 -aminium, 4-oxide, hydroxide, 


inner salt monohydrate 


4,9-dihydroxy-N-met.liyl-3,5-dioxa-4- 

62% 

phosphatctracosan-l-pyrrolidiniuin. 


4-oxide, hydroxide, inner salt 


3.5 hydrate 


Propoxyphene (reference compound) 

50% at 


3.9 mg/kg, s.c. 
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30 


The analgesic relief of pain is achieved when the 
compounds of the invention are administered to a sub- 
ject requiring such treatment at an effective oral, paren- 
teral or intravenous dose of from 0.01 to 100 mg/kg of 
body weight per day. A preferred effective dose within 
this range is from about 10 to 50 mg/kg of body weight 
per day. A particularly preferred effective amount is 
about 30 mg/kg of body weight per day. It is to be 
understood, however, that for any particular subject, 
specific dosage regimens should be adjusted according 
to the individual need and the professional judgment of 35 
the person administering or supervising the administra- 
tion of the compound. It is further to be understood that 
the dosages set forth herein are exemplary only and that 
they do not, to any extent, limit the scope or practice of 
the invention. 40 

For the purpose of oral therapeutic administration, 
the aforesaid compounds may be incorporated with 
excipients, diluents and/or carriers and used in the form 
of tablets, troches, capsules, elixirs, suspensions, syrups, 
wafers, chewing gums and the like. These preparations 45 
should contain at least 0.5% of active compound, but 
may be varied depending upon the particular form and 
may conveniently be between 4% and 70% of the 
weight of the unit. The amount of active compound is 
such that a suitable dosage will be obtained. Preferred 50 
compositions and preparations according to the present 
invention are prepared so that an oral dosage form 
contains between 1.0 and 300 milligrams of the active 
compound. 

The tablets, pills, capsules, troches and the like may 55 
also contain the following ingredients: a binder such as 
macrocrystalline cellulose, gum tragacanth or gelatin; 
an excipient such as starch or lactose, a disintegrating 
agent such as alginic acid, corn starch and the like; a 
lubricant such as magnesium stearate; a glidant such as 60 
colloidal silicon dioxide; and a sweetening agent such as 
sucrose or saccharin or a flavoring agent such as pep- 
permint, methyl salicylate, or orange flavoring may be 
added. When the dosage unit form is a capsule, it may 
contain, in addition to materials of the above type, a 65 
liquid carrier such as a fatty oil. Other dosage unit forms 
may contain other various materials which modify the 
physical form of the dosage unit, for example, as coat- 


ings. Thus, tablets or pills may be coated with sugar, 
shellac, or other enteric coating agents. A syrup may 
contain, in addition to the active compounds, sucrose as 
a sweetening agent and certain preservatives, dyes and 
colorings and flavors. Materials used in preparing these 
various compositions should be pharmaceutical] y pure 
and non-toxic in the amounts used. 

For the purposes of parenteral or topical therapeutic 
administration, the active compounds of the invention 
may be incorporated into a solution, suspension, oint- 
ment or cream. These preparations should contain at 
least 0.1% of active compound, but may be varied be- 
tween 0.5 and about 50% of the weight thereof. The 
amount of active compounds in such compositions is 
such that a suitable dosage will be obtained. Preferred 
compositions and preparations according to the present 
invention are prepared so that a parenteral or topical 
dosage unit contains between 0.5 and 100 milligrams of 
active compound. 

The solutions or suspensions for topical or parenteral 
administration may also include the following compo- 
nents: a sterile diluent such as water for injection, saline 
solution, fixed oils, polyethylene glycols, glycerine, 
propylene glycol or other synthetic solvents; antibacte- 
rial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; 
chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and 
agents for the adjustment of tonicity such as sodium 
chloride or dextrose. The parenteral preparation can be 
enclosed in ampules or disposable syringes; the topical 
preparation may be enclosed in multiple dose vials or 
dropping bottles, made of glass or plastic. 

Included among the compounds of this invention are: 

4- hydroxy-N,N,N-trimethyl-9-methoxy-3,5-dioxa-18- 
phenoxy-4-phosphaocUdecan-l-aminiuxn, 4-oxide, 
hydroxide inner salt; 

5- hydroxy-N f N,N-trimethyl-10-phenylmethoxy-4,6- 
dioxa- 1 8-phenyl-5-phosphanonadecan- 1 -aminium,5- 
oxide, hydroxide inner salt; 

5,10-dihydroxy-N,N,N-trimethyl-4,6-dioxa-5-phos- 
phanonadecan- 1 -aminium, 5-oxide, hydroxide inner 
salt; 

6, 1 l-dihydroxy-N,N,N-trimethyl-5,7-dioxa-6-phos- 
phatetracoden-l-aminium, 6-oxide, hydroxide, inner 
salt; 

4-hydroxy- 1 -methyl-3,5-dioxa-9-phenylmethoxy--4- 
phospbaoctadecan- 1-piperidium, 4-oxide, hydroxide, 
inner salt; 

4,9-dihydroxy-N,N,N-trimethyl-3 t 5-dioxa-4-phospha- 
tridecan-1 -aminium, 4-oxide, hydroxide, inner salt; 

4-hydroxy-N,N,N-trimethyl«9-methoxy-N,N,N- 
trime thyl-3,5 -dioxa-4-phosphatridecan- 1 -aminium, 
4-oxide, hydroxide, inner salt; 

4-hydroxy-N,N,N-trimethyI-9-phenylmethoxy-3,5- 
dioxa-4-phosphatridecan-l -aminium, 4-oxide, hy- 
droxide, inner salt; 

4-hydroxy-N,N,N-trimethyl-9-<4-methylphenyl)me- 
thoxy-3,5-dioxa-4-phosphatridecan-l-aminium, 4- 
oxide, hydroxide, inner salt; 

4-hydroxy-N,N,N-trimethyl-9-(4--chlorophenyl)me- 
thoxy-3,5-dioxa-4-phosphatridecan-l-arninium, 4- 
oxide, hydroxide, inner salt; 

4,9-dihydroxy-N-methyl-3,5-dioxa-4-phosphatridecan~ 
lpyrrolidinlum, 4-oxide, hydroxide, inner salt; 

4,9-dihydroxy-N-methyl-3,5-dioxa-4-phosphatridecan- 
1 -pipe rid ium, 4-oxide, hydroxide, inner salt; 
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20 


4,9-dihydroxy-N-methyl-N'-phenyl-3,5-dioxa-4-phos- 
phatridecan-l-piperazinium, 4-oxide, hydroxide, 
inner salt; 

4,9-dfcydroxy-N-methyI-3,5-dioxa-4-phosphatridecan- 
l-(4-morpholinium), 4-oxide, hydroxide, inner salt; 5 

4.9- dmydroxy-N-methyl-3,5-dioxan-4-phosphatridecan- 
l-(4-thiomorpholinium), 4-oxide, hydroxide, inner 
salt; 

4. 1 0- dihydroxy-N,N,N-trimethyl-3, 5-dioxa-4-phos- 
phatetradecan- 1-aminium, 4-oxide, hydroxide, inner 10 
salt; 

^hydroxy-N^.N-trimethyl-lO-ethoxy-N^^-trimeth- 

yl-3,5-dioxa-4-phosphatetradecan- 1-aminium, 4- 

oxide, hydroxide, inner salt; 
4-hydroxy-N,N,N-trimethyl-10-phenylmethoxy-3,5- 

dioxa-4-phosphatetradecan- 1-aminium, 4-oxide, hy 

droxide, inner salt; 
4-hydroxy-N,N,N-trimethyl-10-(4-methoxyphenyl)me- 

thoxy-3,5-dioxa-4-phosphatetradecan- 1-aminium, 4 

oxide, hydroxide, inner salt; 

4- hydroxy-N,N,N-trimethyl-10-[4-(trifluoromethyl)- 
phenyl]methoxy-3,5-dioxa-4-phosphaietradecan-l- 
aminium, 4-oxide, hydroxide, inner salt; 

4, 10-dihydroxy-N-methyl-3,5-dioxa-4-phosphatetrade- 2 5 
can-l-pyrrolidinmm, 4-oxide, hydroxide, inner salt; 

4,9-dihydroxy-N,N,N-trimethyl-3,5-dioxa-13-phenyl-4- 
phosphatridecan- 1-aminium, 4-oxide, hydroxide, 
inner salt; 

4,9-dihydroxy-N,N,N-trimethyI-3,5-dioxa-13-phenoxy- 30 
4-phosphatridecan- 1-aminium, 4-oxide, hydroxide, 
inner salt; 

4.9- dihydroxy-N-methyl-3, 5-dioxa- 1 3-phenyl-4-phos- 
phatridecan-l-pyrrolidinium, 4-oxide, hydroxide, 
inner salt; 35 

4.10- dihydroxy-N,N,N-trimethyl-3, 5-dioxa- 14-phenyl- 

4- phosphatetradecan- 1-aminium, 4-oxide, hydroxide, 
inner salt; 

6, 1 l-dihydroxy-N,N,N-trimethyl-5,7-dioxa-6-phos- 

phaheptadecan- 1-aminium, 6-oxide, hydroxide, inner 40 
salt; 

6-hydroxy-N,N,N-trimethyI- 1 l-phenylmethyl-4,6-diox- 
a-6-phosphaheptadecan- 1-aminium, 6-oxide, hydrox- 
ide, inner salt; 

6,1 l-dihydroxy-N-methyl-5,7-dioxa-6-phosphaheptade- 45 
can-l-pyrrolidinium, 6-oxide, hydroxide, inner salt; 

6-hydroxy- 1 1 -methoxy-N-methyI-5,7-dioxa-6-phos- 
phaheptadecan-l-pyrrolidinium, 6-oxide, hydroxide, 
inner salt; 

6-hydroxy- 1 1 -methoxyphenyl-N«methyl-5,7-dioxa-17 

pheny 1-6-phosphaheptadecan- 1 -pyrrolidinium, .6- 

oxide, hydroxide, inner salt; 
5, 1 l-dihydroxy-N,N,N-trimethyl-4,6-dioxa-5-phos- 

phadocosan- 1-aminium, 5 -oxide, hydroxide, inner 55 

salt; 

5,llHimydroxy-N,N,N-trimethyl-4 > 6-dioxa-22-phenyl- 

5- phosphadocosan- 1-aminium, 5 -oxide, hydroxide, 
inner salt; 

5- hydroxy-N,N,N-trimethyl-l l-phenylmethoxy-4,6- 
dioxa-5-phosphadocosan-l-aminium, 5 -oxide, hy- 
droxide, inner salt; 

5-hydroxy-N-methyl- 1 l-phenylmethoxy-4,6-dioxa-22- 
pheny]-5-phosphadocosan- 1-aminium, 5 -oxide, hy- 
droxide, inner salt; 65 

5-hydroxy-N-methyl- 1 l-(2,4-difiuorophenyl)methoxy- 
4,6-dioxa-5-phosphadocosan- 1 -piperidium, 5-oxide, 
hydroxide, inner salt; 


50 


4,9-dihydroxy-N,N,N-trimethyl-3,5-dioxa-4-phos- 

phaheptacosan- 1-aminium, 4-oxide, hydroxide, inner 
salt; 

4,9-dihydroxy-N,N,N-trimethyl-3,5-dioxa-28-phenyl-4- 

phosphaheptacosan- 1-aminium, 4-oxide, hydroxide, 

inner salt; and 
8, 1 3-dihydroxy-N,N,N-trimethyl-7,9-dioxa-8-phos- 

phahentriacontan- 1-aminium, 8-oxide, hydroxide, 

inner salt. * 

EXAMPLES 

The following Examples are for illustrative purposes 
only and are not to be construed as limiting the inven- 
tion. All temperatures are given in degrees centigrade 
(°C). With the exception of yields which are calculated 
on a molar basis, all percentages are by volume, unless 
otherwise noted. 

EXAMPLE 1 

4-Hydroxy-N,N,N-trimethyl-9-phenylmethoxy-3,5- 
dioxa-4-phosphaoctadecan-l-aniinium, 4-oxide, 
hydroxide, inner salt monohydrate 

Step 1 

A solution of 10 g of l-tridecen-4-ol in 100 ml of 
tetrahydrofuran was added, dropwise, under nitrogen 
to hexane-washed sodium hydride ( from 3.15 g of a 
50% oil dispersion). The mixture was stirred at 50" and 
a solution of 6.6 ml of benzyl bromide in 50 ml of di- 
methylformamide was added, dropwise. The reaction 
mixture was refluxed for 3 hrs., cooled, quenched by the 
addition of 25 ml of water, and concentrated. The con- 
centrate was extracted three times with 100 ml aliquots 
of hexane/diethyl ether (2:1 by volume). The combined 
extracts were washed with 100 ml of water and 100 ml 
of a saturated aqueous solution of sodium chloride, 
dried over anhydrous magnesium sulfate and concen- 
trated. Purification of the concentrate by flash chroma- 
tography on silica gel utilizing 1 % diethyl ether/hexane 
as an eluent yielded 1 1.77 g (81%) of 4-benzyloxy-l-tri- 
decene as an oil. 

ANALYSIS: Calculated for C20H32O: 83.27%C; 
11.18%H; Found: 83.46%C; 11.21 %H. 

Step 2 

A solution of 9.3 g of 4-benzyloxy-l-tridecene in 40 
ml of tetrahydrofuran was added, dropwise, under ni- 
trogen, to 70.4 ml of 9-borabicyclo[3.3.1]nonane (0.5M 
solution in hexane). The reaction mixture was stirred at 
room temperature for 3 hrs. and quenched by the se- 
quential addition of 1 8 ml of ethanol, 6 ml of 6N sodium 
hydroxide, and 12 ml of 30% hydrogen peroxide. The 
reaction mixture was heated at 50* for 2 hrs. and then 
allowed to stand at ambient temperature overnight. 
Upon standing the mixture separated into aqueous and 
organic phases. The aqueous phase was saturated with 
potassium carbonate and the organic phase was sepa- 
rated, washed with 30 ml of a 10% aqueous solution of 
sodium sulfite and 30 ml of a saturated aqueous solution 
of sodium chloride, dried over anhydrous potassium 
carbonate, and concentrated. The residue was taken up 
in 20% diethyl ether/hexane, filtered, and concentrated 
to an oil. Flash chromatography of the oil on silica gel 
using hexane diethyl ether (2:1 by volume) as the eluent 
yielded 7.7 g (80%) of 4-benzyloxytridecan-l-ol as an 
oil. 

ANALYSIS: Calculated for C20H34O2: 78.38%C; 
11.18%H; Found: 76.65%C; 11.45%H. 
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Step 3 

To a stirred solution of 18.2 g of 2-bromoethyl phos- 
phorodichloridate in 400 ml of diethyl ether, cooled to 
0", was added, dropwise, in the following order, 30 ml 5 
of pyridine, and a solution of 11.48 g of 4-benzyloxy- 
tridecan-l-ol in 400 ml of diethyl ether. Upon the com- 
pletion of the addition, the reaction mixture was stirred 
for 30 minutes at 0*, warmed to room temperature, 
diluted with water and acidified to a pH of 2 by the 10 
addition of 6N hydrochloric acid. Upon standing the 
reaction mixture separated into aqueous and organic 
layers. The organic layer was washed with 100 ml of a 
saturated solution of sodium chloride, dried over anhy- 
drous magnesium sulfate, and concentrated. The con- 15 
centrate was purified by high pressure liquid chroma- 
tography- utilizing 6% methanol/dichloromethane as 
the eluent to give 11 .48 g (62%) of 2-bromoethyl 4-ben- 
zyloxytridecan-l-yl phosphate as a solid. 

ANALYSIS: Calculated for C22H 3 8P0 5 Br: 
53.55%C; 7.76%H; 6.28%P; Found: 53.30%C; 
7.52%H; 6.41 %P. 

Step 4 

25 

To a solution of 10.22 g of 2-bromoethyl 4-benzyloxy- 
tridecan-l-yl phosphate in 92 ml of trichloromethane 
was a dropwise in the following order, 149 ml of isopro- 
pyl alcohol, 149 ml of acetonitrile, and 290 ml of a 33% 
aqueous solution of trimethyiamine. The reaction mix- 30 
ture was stirred at 55* for 20 hrs., cooled and concen- 
trated. The residue was taken up in 250 ml of methanol, 
refluxed with 8 g of silver carbonate for 2 hrs, filtered 
and concentrated. The concentrate was purified by 
means, of flash chromatography using as successive 35 
eluents chloroform/methanol (9:1 by volume), chloro- 
form/methanol (4:1 by volume), and chloroform/me- 
thanol/water (120:30:4 by volume). 

Azeotroping with toluene followed by standing over- 
night yielded 4.32 g (52%) of 4-hydroxy-N,N,N- 40 
trimethyl-9-phenylmethoxy-3,5-dioxa-4-phosphaoc- 
tadecan-l-aminium, 4-oxide, hydroxide, inner salt 
monohydrate. 

ANALYSIS: Calculated for C25H46NO5P.H2O: 
61.32%C; 9.88%H; 2.86%N; 6.33%P; Found: 45 
61.07%C; 9.79%H; 2.84%N; 6.24%P. 

EXAMPLE 2 

4,9-Dihydroxy-N,N,N-trimethyl-3,5-dioxa-4-phos- 
phaoctadecan- 1 -aminium, 4-oxide, hydroxide, inner salt 50 

trihydrate 

A mixture of 3.26 g of 4-hydroxy-N,N,N-trimethyl-7- 
phenylmethoxy-3,5-dioxa-4-phosphaoctadecan- 1 - 
aminium, 4-oxide, hydroxide, inner salt monohydrate 55 
(prepared as in Example 1), 100 ml of ethanol, 50 ml of 
ethyl acetate and 0.5 g of 5% palladium on carbon was 
hydrogenated for 13 hrs. at 50 psi. The reaction mixture 
was filtered and concentrated. The concentrate was 
purified by flash chromatography on silica gel using as go 
successive eluents chloroform/methanol (9:1 by vol- 
ume) and chloroform/methanol/water (120:30:4 by 
volume) to yield 0.96 g (35%) of 4,9-dihydroxy-N,N,N- 
trimethyl-3,5-dioxa-4-phosphaoctadecan- 1 -aminium, 
4-oxide, hydroxide, inner salt trihydrate, mp 235-239*. 65 

ANALYSIS Calculated for C18H40NO5P 3H 2 0: 
49.64%C; 10.65%H; 3.20%N; 7.11%P; Found: 
49.31 %C; 10.12%H; 3.15%N; 6.75%P. 


EXAMPLE 3 

4-Hydroxy-l-methyl-3,5-dioxa-9-phenylmethoxy-4- 
phosphaoctadecan-l-pyrrolidinium, 4-oxide, hydroxide, 
inner salt tetrahydrate 

To a stirred, anhydrous solution of 6 g of 4-ben- 
zyloxytridecan-l-ol (prepared as in Step 2 of Example 
1) in 3.3 ml of triethylamine and 200 ml of toluene was 
added dropwise, under nitrogen, 2.8 g of 2-chloro-2- 
oxo-l,3,2-dioxaphospholane. The reaction mixture was 
stirred at ambient temperature overnight, filtered and 
concentrated. The residue was dissolved in US ml of 
acetonitrile, combined with 5.1 g of N-methylpyrroli- 
dine, refluxed for 40 hrs. and concentrated. The residue 
was purified by flash chromatography using as succes- 
sive eluents chloroform/methanol (9:1 by volume) fol- 
lowed by chloroform/methanol/water (120:30:4 by 
volume) to yield 5.8 g (59%) of 4-hydroxy-l-methyl- 
3,5-dioxa-9-phenylmethoxy-4-phosphaoctadecan- 1 -pyr- 
rolidinium, 4-oxide, hydroxide, inner salt tetrahydrate 
as a gum. 

ANALYSIS: Calculated for C27H48NO5P 4H 2 0: 
56.92%C; 9.91 %H; 2.46%N; 5.43%P; Found: 
57.40%C; 9.66%H; 2.39%N; 5.7 1%P; 

EXAMPLE 4 

4-Hydroxy-N,N,N-trimethyl-9-phenylmethoxy. 3, 5- 
dioxa-4-phosphatetracosan- 1 -aminium, 4-oxide, 
hydroxide, inner salt monohydrate 

Step 1 

To 93 ml of a solution of allylmagnesium bromide in 
diethylether (1.0 M) was added, dropwise, a solution of 
26 g of hexadecanal in 120 ml of tetrahydrofuran while 
maintaining a temperature of less than 30". Following 
the addition, the reaction mixture was stirred for 16 
hours at ambient temperature, poured onto ice, and 
diluted with a saturated aqueous ammonium chloride. 
Evaporation of the organic phase yielded a slurry. The 
slurry was acidified to a pH of 2 by the addition of 9 M 
sulfuric acid, and extracted with ethyl ether. The ex- 
tract was washed with water until neutral, with a satu- 
rated solution of sodium chloride, dried over anhydrous 
sodium sulfate, and evaporated to give 28 g of an oil. 
High pressure liquid chromatography of the oil yielded 
13.3 g of l-nonadecen-4-ol as a wax, mp 37*-39.5*. 

ANALYSIS: Calculated for CwHjgO: 80.78%C; 
13.56%H; Found: 80.88%C; 13.52%H; 

Step 2 

To a solution of 1 1.0 g of l-nonadecen-4-ol in 60 ml of 
dimethyl form amide was added hexane-washed sodium 
hydride (from 2.34 g of a 50% oil dispersion). The reac- 
tion mixture was heated to 50* and 4.6 ml of benzyl 
bromide was added. The mixture was cooled to room 
temperature, quenched by the addition of water, and 
concentrated. The concentrate was diluted with water 
and then extracted with diethyl ether. The combined 
extracts were washed with water, dried over anhydrous 
sodium sulfate and concentrated to an oil. Purification 
of the oil by high pressure liquid chromatography utiliz- 
ing diethyl ether/hexane (1:99) yielded 10.5 g (72%) of 
4-benzyloxy-l-nonadecene as a liquid. 

ANALYSIS: Calculated for C26H44O: 83.80%C; 
11.90%H; Found: 83.29%C; 11.88%H. 
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To 66 ml of a 0.5M solution of 9-borabicyclo[3.3.1- 
]nonane in tetrahydrofuran, was added dropwise, under 
nitrogen, a solution of 1 1. 1 g of 4-benzyloxy-l-nonadec- 5 
ene in 20 ml of dry tetrahydrofuran. The reaction mix- 
ture was stirred at room temperature for 2 hours, then 
quenched by the successive addition of 18 ml of ethanol, 
6 ml of 6N sodium hydroxide solution, and 13 ml of 
30% hydrogen peroxide. The mixture was maintained io 
at 50° for 2 hours. Upon standing the mixture formed 
aqueous and organic phases. The aqueous phase was 
saturated with potassium carbonate, and the organic 
phase was separated, washed with 25 ml of a 10% aque- 
ous solution of sodium sulfite and 25 ml of a saturated 15 
aqueous solution of sodium chloride, dried over anhy- 
drous potassium carbonate, and concentrated. The con- 
centrate was taken up in 20% diethyl ether/hexane, 
filtered and concentrated to give 11.5 g of an oil. Flash 
chromatography of the oil on silica gel using as an elu- 20 
ent hexane/diethyl ether (2:1 by volume) yielded 10.3 g 
of 4-benzyloxynonadecan-l-ol as an oil. 

ANALYSIS: Calculated for C26H46O2: 79.94%C; 
11.87%H; Found 80.00%C; 12.04%H. 


Step 4 


25 


A reaction mixture formed by the dropwise addition 
of 3.65 g of neat 2-chloro-2-oxo-l,3,2-dioxaphospholane 
to an anhydrous solution of 10.0 g of 4-benzylox- 
ynonadecan-l-ol and 4.2 ml of triethylamine in 200 ml 30 
of toluene was stirred at room temperature overnight, 
filtered, and concentrated to give 11.9 g of an oil. The 
oil was dissolved in 1 50 ml of acetonitrile and added to 
a pressure reactor. Trimethylamine (9 g) was condensed 
into the reactor, under nitrogen, at about —15°. The 35 
reactor was then sealed and heated at 70 o -80 o for 24 
hours. Cooling the reaction mixture in ice precipitated a 
solid. The solid was collected, washed with acetone, 
taken up in chloroform/benzene and concentrated to a 
residue. The residue was purified by flash chromatogra- ^ 
phy on silica using as successive eluents chloroform- 
/methanol (9:1 by volume) and chloroform/methanol/- 
water (120:30:4 by volume) to give 7.4 g of 4-hydroxy- 
N,N,N-trimethyl-9-phenylmethoxy-3,5-dioxa-4-phos- 
phatetracosan-l-aminium, 4-oxide, hydroxide, inner salt 45 
monohydrate, as a waxy solid. 

ANALYSIS: Calculated for C31H58NO5P.H2O: 
64.89%C; 10.54%H; 2.44%N; 5.39%P; Found: 
65.29%C; 10.46%H; 2.45%N; 5.05%P. 


EXAMPLE 5 


50 


4-Hydroxy-N-methyl-3,5-dioxa-9-phenylmethoxy-4- 
phosphatetracosan-l-pyrrohdinium, 4-oxide, 
hydroxide, inner salt dihydrate 

To an anhydrous solution of 10 g of 4-benzylox- 55 
ynonadecan-l-ol (prepared as in Step 2 of Example 4) 
and 4.2 ml of triethylamine in 200 ml of toluene was 
added dropwise, under nitrogen, 3.65 g of 2-chloro-2- 
oxo-l,3,2-dioxaphospholane. The mixture was stirred at 
room temperature overnight, filtered, and concen- 60 
trated. The residue was combined with 8.0 ml of N- 
methylpyrrolidine and 120 ml of anhydrous acetonitrile, 
and refluxed under nitrogen for 28 hours. Concentra- 
tion of the mixture gave 17.4 g of an oil. Flash chroma- 
tography of the oil using as successive eluents chloro- 65 
form/methanol (9:1 by volume) and chloroform/me- 
thanol/water (120:30:4 by volume) gave 9.4 g of 4- 
hydroxy-N-methyl-3,5-dioxa-9-phenylmethoxy-4-phos- 


phatetracosan-l-pyrrolidinium, 4-oxide, hydroxide, 
inner salt dihydrate as a wax. 

ANALYSIS: Calculated for C33H60NO5P.2H2O: 
64.15%C; 10.44%H; 2.27%N; 5.16%P; Found: 
63.92%C; 10.16%H; 2.61%N; 5.18%P; 

EXAMPLE 6 

4,9-Dihydroxy-N-methyl-3,5-dioxa-4-phosphatetet- 
racosan-l-pyrrolidinium, 4-oxide, hydroxide, inner salt 

3.5 hydrate 

A solution of 4.3 g of 4-hydroxy-N-methyl-3,5-dioxa- 
9-phenylmethoxy-4-phosphatetracosan-l-pyr- 
rolidinium, 4-oxide, hydroxide, inner salt dihydrate 
(prepared as in Example 5) in 125 ml of ethanol and 60 
ml of acetic acid was hydrogenated in a Parr apparatus 
in the presence of 0.6 g of 5% palladium-on-carbon at 25 
psi for 16 hours. Filtration, concentration and azeotrop- 
ing with chloroform/toluene yielded a residue which 
was triturated with 200 ml of diethyl ether/hexane (1:1 
by volume) to give 3.2 g of a solid. Flash chromatogra- 
phy of the solid using as successive eluents chloroform- 
/methanol (9:1 by volume) and chloroform/methanol/- 
water (120:30:4 by volume) gave 2.7 g of 4,9-dihydroxy- 
N -methyl - 3 , 5-dioxa-4-ph osp h atetetracosan- 1 -pyr- 
rolidinium, 4-oxide, hydroxide, inner salt 3.5 hydrate as 
a solid. 

ANALYSIS: Calculated for C26H54NO5P.3.5H2O: 
56.29%C; 11.08%H; 2.52%N; 5.58%P; Found: 
56.58%C; 10.49%H; 2.54%N; 5.65%P; 

EXAMPLE 7 

4,9-Dihydroxy-N,N,N-trimethyl- 3, 5-dioxa-4-phos- 
phatetracosan-l-aminium, hydroxide, inner salt 
sesquihydrate 

A solution of 4.9 g of 4-hydroxy-N,N,N-trimethyl-9- 
phenylmethoxy-3, 5-dioxa-4-phosphatetracosan- 1 - 
aminium, 4-oxide, hydroxide, inner salt monohydrate in 
150 ml of ethanol was treated overnight, at room tem- 
perature in an atmospheric hydrogenator in the pres- 
ence of 0.6 g of 5% palladium on carbon. A volume of 
217 ml of hydrogen was consumed. The solution was 
filtered, diluted with 10 ml of water, and concentrated. 
Azeotroping of the concentrate with toluene yielded 3.8 
g (90%) of 4-hydroxy-N,N,N-trimethyl-9-phenylme- 
thoxy-3,5-dioxa-4-phosphatetracosan- 1-aminium, 4- 
oxide, hydroxide, inner salt as a solid, mp. 239-242° 
(dec). 

ANALYSIS: Calculated for C24H52NO5P. L5H 2 0: 
58.51%C; 11.25%H; 2.84%N; 6.27%P; 58.25%Q 
11.03%H; 2.67%N; 6.24%P. 

EXAMPLE 8 

4-Hydroxy-N,N t N-trimethyl-9-phenylmethoxy.3,5- 
dioxa-4phosphapentacosan- 1-aminium, 4-oxide, 
hydroxide, inner salt 1.25 hydrate 

Step 1 

To a refluxing mixture of 1.26 g of magnesium turn- 
ings, 15.5 ml of 1-chlorohexadecane, and 100 ml of 
anhydrous diethyl ether were added 0.5 ml of a 3.2 M 
solution of methylmagnesium bromide in diethyl ether 
and 0.05 ml of ethyl bromide. The reaction mixture was 
refluxed for a period of 6 hours. A solution of 3.0 g of 
4-[(tetrahydro-2H-pyran-2-yl)oxy3butanal in 10 ml of 
diethyl ether was added, and the reaction mixture re- 
fluxed for an additional hour. The reaction mixture was 
poured into a mixture of ice and a saturated aqueous 
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solution of ammonium chloride, and filtered. Upon 
standing the filtrate separated into organic and inor- 
ganic phases. The organic phase was dried over anhy- 
drous sodium sulfate and concentrated to an oil. Flash 
chromatography of the oil utilizing 25% diethyl ether/- 5 
petroleum ether yielded 4.8 g (70%) of l-[(tetrahydro- 
2H-pyran-2-yl)oxy]eicosan-4-ol as a solid, mp 39-43*. 

ANALYSIS: Calculated for C25H50O3: 75.32%C; 12 
64%H; Found: 75.47%C; 12.68%H. 

To a suspension of hexane washed sodium hydride 10 
(from 0.34 g of a 50% oil dispersion) in 5 ml of tctrahy- 
drofuran was added a solution of 2.4 g of l-[(tetrahydro- 
2H-pyran-2-yl) oxy]eicosan-4-ol (prepared as in Step 1) 
in 10 ml of tetrahydrofuran. Following the evolution of 
hydrogen, 66 mg of tetrabutylammonium iodide and 13 
0.83 ml of benzyl bromide were added, and the reaction 
mixture was refluxed, under nitrogen, for three days. 
The reaction mixture was then diluted with water. 
Upon standing the mixture formed aqueous and organic 
phases. The aqueous phase was extracted with diethyl 20 
ether. The extract was then combined with the organic 
phase and evaporated. The residue was dissolved in 
diethyl ether, washed with water, dried over anhydrous 
sodium sulfate and evaporated to give 3.0 g of an oil. 
The oil was purified by means of flash chromatography 25 
utilizing as the eluent 5-10% ethyl ether/petroleum 
ether, to yield 2.2 g of 4-benzyloxy- 1 -[(tetrahydro-2H- 
pyran-2-yl)oxy]eicosane as an oil. 

The reaction was repeated on the same scale without 
tetrabutylammonium iodide using dimethylformamide 30 
as the solvent and heating the mixture, under nitrogen, 
at 50* for 24 hours. Workup in a similar manner gave 2.5 
g of 4-benzyloxy- l-[(tetrahydro-2H-pyran-2-yl)ox- 
y]eicosane as an oil. The combined products of both 
reactions were chromatographed by high pressure liq- 35 
uid chromatography utilizing 10% diethyl ether/di- 
chloromethane as the eluent to yield 3.5 g (60%) of 
4-benzyloxy- 1 -[(tetrahydro-2H-pyran-2-yl)oxy]eico- 
sane. 

ANALYSIS: Calculated for C32H56O3: 78.63%C; 40 
11.55%H; Found: 78.39%C; 11.54%H; 

Step 3 

A solution of 11.5 g of 4-benzyloxy- l-[(tetrahydro- 
2H-pyran-2-yl)oxy3eicosane (prepared as described in 45 
Step 2) in 200 ml of ethanol was treated with 5 drops of 
5N hydrochloric acid and heated to 50 e for 2 hours. The 
reaction mixture was then neutralized with sodium bi- 
carbonate and concentrated. The concentrate was ex- 
tracted with diethyl ether. The extract was washed with 50 
water and a saturated solution of sodium chloride, dried 
over anhydrous sodium sulfate and evaporated to give 
9.7 g of an oil. The oil was purified by means of high 
pressure liquid chromatography utilizing as an eluent 
25% diethyl ether/petroleum ether to give 2.9 g (90%) 55 
of 4-benzyloxyeicosan-l-ol as an oil. 

ANALYSIS: Calculated for C27H4SO2: 80.14%C; 
11.96%H; Found: 80.23%C; 12.22%H; 

Step 4 

To an anhydrous solution of 11.43 g of 4-benzylox- 
yeicosan-l-ol and 6.4 ml of trie thy lam ine in 300 ml of 
toluene was added, dropwise, under nitrogen, 4.02 g of 
2-ch]oro-oxo-l,3,2-dioxaphospholane. The reaction 
mixture was stirred at ambient temperature overnight, 
filtered, and concentrated to yield 15.65 g of an oil. The 
oil was dissolved in 150 ml of acetonitrile and added to 
a pressure reactor. Trimethylamine (26 g) was con- 
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densed into the reactor, under nitrogen, at a tempera- 
ture of —40*. The reactor was then sealed and heated to 
80* for 24 hours. Cooling the reaction mixture in an ice 
bath precipitated a solid. The solid was taken up in 
chloroform and concentrated. Flash chromatography 
of the residue using as successive eluents chloroform- 
/methanol (9:1 by volume) followed by chloroform- 
/methanol/water, (120:30:4 by volume), yielded 4.67 g 
(28%) of 4-hydroxy-N,N,N-trimethyl-9-phenylme- 
thox y - 3 , 5 -dioxa-4-ph osphapcntacosan- 1 -aminium-4- 
oxide, hydroxide inner salt 1.25 hydrate as a waxy solid. 

ANALYSIS: Calculated for C32H60NO5P.I.25H2O: 
64.88%C; 10.64%H; 2.37%N; 5.23%P; Found: 
64.52%C; 10.48%H; 2.39%H; 5.1 1%P. 

EXAMPLE 9 

4,9-Dihydroxy-N,N,N-trimethyl-3,5-dioxa-4-phos- 
phopentacosan-l-aminium, 4-oxide, hydroxide, inner 
salt monohydrate 

A mixture of 3.3 g of 4-hydroxy-N,N,N-trimethyl-9- 
phenylmethoxy-3,5-di oxa-4-phosphapentacosan- 1 - 
aminium, 4-oxide, hydroxide, inner salt 1.25 hydrate, 
125 ml of ethanol and 0.4 g of 5% palladium on carbon 
was hydrogenated at 50 psi for 5 hours. The reaction 
mixture was filtered, treated with 2 ml of water and 
concentrated. Azeotroping with toluene yielded 2.55 g 
(92%) of 4,9-dihydroxy-N,N,N-trimethyl-3,5-dioxa-4- 
phosphopentacosan-l-aminium, 4-oxide, hydroxide, 
inner salt monohydrate, mp 240°-242*. 

ANALYSIS: Calculated for C25Hs*N0 5 P.H20: 
60.33%C; 10.94%H; 2.81 5N; 6.23%P; Found: 
60.18%C; 11.17%H; 2.70%N; 6.14%P; 

EXAMPLE 10 

4-Hydroxy-N,N,N-trimethyI-9-phenylmethoxy.3,5- 
dioxa-4phosphahexacosan-l -aminium, 4-oxide, 
hydroxide, inner salt monohydrate 

Step 1 

To a 1M solution of allylmagnesium bromide in di- 
ethyl ether (15 ml) was added dropwise, a solution of 
4.0 g of octadecanal in 20 ml of tetrahydrofuran. The 
reaction mixture was allowed to stand at room tempera- 
ture for 16 hours. The reaction mixture was then poured 
into a mixture of ice and water, acidified to a pH of 2 by 
the addition of a 5% aqueous solution of hydrochloric 
acid and concentrated. The concentrate was extracted 
with diethyl ether. The extract was washed with water, 
dilute aqueous solutions of sodium bicarbonate and 
sodium chloride, dried, and evaporated to yield an oil. 
Flash chromatography of the oil utilizing 10% diethyl 
ether/petroleum ether gave a wax. High pressure liquid 
chromatography of the wax utilizing 5% diethyl ether/- 
petroleum ether as the eluent yielded 2.8 g (61%) of 
1 -hencicosen-4-ol, mp 48.0'-50.5\ 

ANALYSIS: Calculated for C21H42O: 81.21%Q 
13.63%H; Found 81.28%C; 13.88%H. 

Step 2 

To hexane washed sodium hydride (from 2.56 g of a 
50% oil dispersion) was added dropwise, under nitro- 
gen, a solution of 1 1.0 g of 1 -heneicosen-4-ol in 60 ml of 
dimethylformamide. The solution was heated to 50* and 
65 4.4 ml of benzyl bromide was added. The reaction mix- 
ture was then cooled to room temperature, combined 
with 300 ml of a water-ice mixture, and extracted with 
hexane. The extract was dried over anhydrous magne- 
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sium sulfate and concentrated, in vacuo, to a liquid. ture was hydrogenated for 3 hr at 50 psi, filtered and 

High pressure liquid chromatography of the liquid uti- concentrated to give 18.26 g of 10-phenyldecanal. 
lizing as an eluent 0.5% diethyl ether/hexane yielded 

8.2 g (57%) of 4-benzyIoxy-l-heneicosene. Step 2 

,^£^V Y j? IS: J C jl culated for C28H480: 83.93%C; 5 To a cooled solution of 1M allyl magnesium bromide 

12.08%H- Found: 83.55%C; 11.99%H. in diethyl ether was added dropwisej vxsdcT nitrogen, a 

Step 3 solution of 18.2 g of 10-phenyldecanal (prepared as in 

t- _ ~~ , , ^ r „ . . . . . Step 1) in 200 ml of dry tetrahydrofuran. The reaction 

To a 33 ml solution of a 0.5M solution of 9-borabicy- • \. ^ j , ro \. , _ . 

clo[3:3:l]nonane in tetrahydrofuran was added drop- w maXm WaS ! tin ft at ab °* 5 J OT 15 ' V™™ 
wise, under nitrogen, a solution of 6.0 g of 4-benzyloxy- temperature for 1 hour, and then at reflux for 15 min- 
1-beneicosene in 30 ml of dry tetrahydrofuran. After utes ^ reaction mixture was cooled to room tempera- 
stirring at room temperature for 3 hours, the reaction ture and poured mto a mixture of 400 g of ice and 40 ml 
was quenched by successive addition of 9 ml of ethanol, of 9M sulfuric acid. Upon standing the mixture sepa- 
3 ml of 6N sodium hydroxide and 6.5 ml 30% hydrogen 15 rated into aqueous and organic layers. The organic 
peroxide. The reaction mixture was heated at 50 a for 90 layer was stirred for 15 min with solid sodium bicarbon- 
minutes and then allowed to stand at ambient tempera- ate and then concentrated. The aqueous layer was ex- 
ture overnight. Upon standing, the reaction mixture tracted with diethyl ether (2 X 200 ml) and the extracts 
separated into aqueous and organic phases. The aqueous were combined with the concentrated organic layer, 
phase was saturated with potassium carbonate, and the 2 o combined organics were washed with water (300 
organic phase was separated, washed with 15 ml of 10% ml) and a half-saturated aqueous solution of sodium 
solution of sodium sulfite and 20 ml of saturated solution " chloride (300 ml), dried over anhydrous magnesium 
of sodium chloride, dried over potassium carbonate, sulfate, filtered and concentrated to an oil. High pres- 
and concentrated. The residue was taken up in a mix- sure liquid chromatography of the oil using 10% diethyl 
ture of 20% diethyl ether/hexane, filtered and concen- 25 ether/hexane as the eluent gave 6.98 g (30%) of 13-phe- 
trated to an oil. Flash chromatography of the oil on nyl-l-tridecen-4-ol as an oil 

silica gel using hexane/diethyl ether (2:1 by volume) as ANALYSIS: Calculated for C| 9 H 30 O: 83.15%C; 

the eluent gave 4.88 g (78%) of 4-benzyloxyheneicosan- n.02%H; Found: 82.79%C; 11.23%H. 

l-ol. 

ANALYSIS: Calculated for C28H50O2: 80 32%C; " Step 3 

12.09%H; Found: 79.82%C; 12.21%H. Tq hexane _ washed toihan hydride (from 0 . 92 g of a 

Step 4 ' 50% oil dispersion) was added dropwise, under nitro- 

To an anhydrous solution of 5 g of benzyioxyheneico- f 5°' f S0 ^ 0 \°^ 8 ^ "-P*^ 1 -*^-*"* 1 » 
san-l-ol in 150 ml of dry toluen? was added dropwise, « *° ml ?* tetrahydrofuran. The solution was heated to 
under nitrogen, 1.71 g of neat 2-chloro-2-oxo-l,3,2- 35 5? and 2.79 g of benzyl bromide was added, dropwise. 
dioxaphospholane. The reaction mixture was stirred at Th& reactlon mixture was refluxed for 4 hours, 
ambient temperature overnight, filtered and concen- quenched by the addition of 10 ml of water, and concen- 
trated. The residue was dissolved in 100 ml of acetoni- trated - The residue was extracted with hexane/diethyl 
trile and added to a pressure reactor. Trimethylamine ether ( 2:1 b y volume) (3X100 ml), washed with 300 ml 
(9.22 g) was condensed into the pressure reactor, under 40 of water and 300 ml of a saturated aqueous solution of 
nitrogen, at a temperature of —40" C. The reactor was sodium chloride, and dried over anhydrous magnesium 
then sealed and heated to a temperature of 7O°-80° C. sulfate. Concentration gave 5.51 g of an oil which was 
for 48 hours. Cooling the reaction mixture with ice chromatographed by high pressure liquid chromatogra- 
precipitated a solid. The solid was taken up in chloro- . phy to yield 3.09 g (58%) of 4-benzyloxy- 13-phenyl-l- 
form and concentrated. Flash chromatography of the 45 tridecene as an oil. 

residue using as successive eluents a mixture of chloro- ANALYSIS: Calculated for C26H36O: 85.66%C; 

form/methanol (9:1 by volume), and chloroform/me- 9.95%H; Found: 85.44%C; 9.95%H. 
thanol/water (120:30:4 by volume) gave 1. 18 g (19%) of 

4-hydroxy-N,N,N-trimethyl-9-phenylmethoxy-3,5- Ste P 4 

dioxa-4-phosphahexacosan-l-aminium, 4-oxide, hydrox- 50 To a 0.5M solution of 9-borabicy clo [3. 3. l]nonane in 

ide, inner salt monohydrate as a waxy solid. tetrahydrofuran (253 ml) was added dropwise, under 

ANALYSIS: Calculated for C33H62NO5P.H2O: nitrogen, a solution of 41.8 g of 4-benzyloxy-l 3-phenyl- 

« l?; 7 J^ H j "3 %N ; 5.15%P; Found; 1-tridecene in 100 ml of dry tetrahydrofuran. The mix- 

65.24%C; 10.66%H; 2.24%N; 5.19%R ^ ^ was stirred at TQOm temperatur e for 3 hours, 

EXAMPLE 11 quenched by the sequential addition of 72 ml of ethanol, 

. „ , twttw^t*- 1 i r\ . , A . - 24 ml of6N solution of sodium hydroxide, and 48 ml of 

£ y ^ ^y 1 - 9 ^ 0 ^^ 0 ^ 3 ' 5 - . a 30% solution of hydrogen peroxide. The mixture was 
dioxa-18-phenyl-4-phosphaoctadecan-l-ammium, . . <n „ TT . ,. 

4-oxide, hydroxide; inner salt trihydrate ****** * 50 for " ^ urs ". U P° n standm S. at room 

60 temperature overnight, the mixture separated mto aque- 

Step 1 ous and organic layers. The organic layer was washed 

A solution of 20 g of 1 1-phenyl-l-undecene in 600 ml 100 ml of a 10% aqueous solution of sodium sulfite 

of dry toluene was cooled to —45° C. Ozone was bub- ^ 100 ml of a saturated aqueous solution of sodium 

bled through the cooled solution at a rate of 1.6 mmol/- chloride, dried over anhydrous potassium carbonate 

min for 49 minutes. The solution was warmed to room 65 and concentrated. The concentrate was taken up in 

temperature, under nitrogen, and then transferred to a 20% diethyl ether/hexane, filtered and concentrated to 

hydrogenation flask containing 1 g of 10% palladium- an oil. The oil was purified by high pressure liquid 

on-carbon and 200 g of 4A molecular sieves This mix- chromatography using as an eluent hexane/diethyl 
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ether (2:1 by volume) to give 32.7 g (75%) 4-benzyloxy- 
13-phenyl-tridecan-l-ol as an oil. 

ANALYSIS: Calculated for C 2 6H 3 80 2 : 81.62%C; 
10.01%H; Found: 81.45%Q 9.99%H. 

Step 5 5 

To a stirred solution of 12.6 g of 2-bromoethyl phos- 
phorodichloridate in 200 ml of diethyl ether cooled to 
0* C, was added dropwise, in the following order, 21 ml 
of pyridine, and a solution of 10 g of 4-benzyloxy-13- io 
phenyl-tridecan-l-ol in 200 ml of diethyl ether. The 
mixture was stirred at 0" for 30 min and warmed to 
room temperature. Water (100 ml) was then added and 
the mixture stirred at room temperature for 1 hour. The 
mixture was acidified to a pH of 2 by the addition of 6 15 
N hydrochloric acid. Upon standing the mixture 
formed aqueous and organic layers. The organic layer 
was washed with 250 ml of a saturated solution of so- 
dium chloride, dried over anhydrous magnesium sul- 
fate, and concentrated. To a solution of 14 g of concen- 20 
trate in 130 ml of chloroform was added dropwise, in 
the following order, 210 ml of acetonitrile, and 409 ml 
of a 33% aqueous solution of trimethylamine. The solu- 
tion was heated at 60" for 20 hours, and concentrated. 
The concentrate was refluxed with 1000 ml of methanol 25 
and 10 grams of silver carbonate for 2 hours, filtered, 
and concentrated. Flash chromatography of the con- 
centrate using as successive eluents chloroform:me- 
thanol (9:1 by volume) and chloroform:methanol:water 
(120:30:4 by volume) gave 6.7 g (48%) of 4-hydroxy- 30 
N,N,N-trimethyl-9-phenylmethoxy-3,5-dioxa- 1 8-phe- 
nyl-4-phosphaoctadecan-l-aminium, 4-oxide, hydrox- 
ide, inner salt trihydrate as a gum. 

ANALYSIS: 

Calculated for C31H50NOP.3H2O: 61.87%C; 35 
9.38%H; 2.33%N; 5.15%P; Found: 61.84%C; 9.15%H; 
2.295N; 5.33%P. 

EXAMPLE 12 

4,9-Dihydroxy-N,N,N-trimethyl-3,5-dioxa-l 8-phenyl- 40 
4-phosphaoctadecan-l-aminium, 4-oxide, hydroxide, 
inner salt 2.5 hydrate 

A mixture of 5.8 g of 4-hydroxy-N,N,N-trimethyI- 
3,5-dioxa- 1 8-phen y 1 -4-phosphaoctadecene- 1 -aminium, 
4-oxide, hydroxide, inner salt trihydrate, 218 ml of etha- 45 
nol, 35 ml of acetic acid and 0.8 g of 5% palladium-on- 
carbon was hydrogenated in a Parr apparatus for 24 
hours at 56 psi. The mixture was filtered, concentrated, 
and azeotroped with toluene to give an oil. The oil was 
flash chromatographed using as successive eluents chlo- 50 
roform/methanol (9:1 by volume) and chlorofonn/me- 
thanol/water (120:30:4 by volume) to give 3.38 g (70%) 
of 4 l 9-dihydroxy-N,N,N-trimethyl-3,5-dioxa-l 8-phe- 
nyl -4-phosphaoctadecan- 1 -aminium, 4-oxide, hydrox- 
ide, inner salt 2.5 hydrate as a waxy solid, mp 220*-223*. 35 

ANALYSIS: Calculated for C24H44NO5P.2.5H2O: 
57.35%C; 7.83%H; 2.78%N; 6.16%P; Found: 56.9%C; 
9.51%H; 2.99%N; 6.16%P. 
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EXAMPLE 13 

4-Hydroxy-N,N,N-trimethyl-9-phenylmethoxy-3,S- 
dioxa-1 8-phenoxy-4-phosphaoctadecan- 1 -aminium, 
4-oxide, hydroxide, inner salt monohydrate 

Ste P 1 65 
Ozone was bubbled through a solution of 20 g of 
1 1-phenoxy-l-undecene in 600 ml of anhydrous toluene 
cooled to —45" at a rate of 1.6 mmol/min for 49 min. 


The solution was warmed to room temperature and 
then transferred to a hydrogenation flask containing 1 g 
of 10% palladium on carbon and 200 g of 4A molecular 
sieves. The mixture was hydrogenated at 50 psi for 2 
hours, filtered and concentrated to give 20.1 g of 10- 
phenoxydecanal. 

Step 2 

To 85 ml of a 1 M solution of allyl magnesium bro- 
mide in diethyl ether cooled in ice bath was added drop- 
wise, under nitrogen, a solution of 20 g of 10-phenox- 
ydecanal in 200 ml of dry tetrahydrofuran. The mixture 
was poured into 400 ml of ice and 30 ml of 9M sulfuric 
acid was added. Upon standing the mixture formed 
aqueous and organic layers. The organic layer was 
stirred for 15 min with solid sodium bicarbonate and 
concentrated. The aqueous layer was extracted with 
diethyl ether (2 x 200 ml) and the extracts were com- 
bined with the concentrated organic layer. The com- 
bined organics were washed with 300 ml of water and 
300 ml of a half-saturated aqueous solution of sodium 
chloride, filtered, and concentrated. The residue was 
flash chromatographed utilizing as successive eluents 
5% diethyl ether/hexane, 10% diethyl ether/hexane, 
and 25% diethyl ether/hexane to give 18.51 g (42%) of 
13-phenoxy-l-tridecen-4-ol as a solid, m.p. $0'-52°. 

ANALYSIS: Calculated for C19H30O2: 78.57%C; 
10.41 %H; Found: 78.61%C; 10.38%H. 

Step 2 

To hexane-washed sodium hydride (from 1.39 g of a 
50% oil dispersion) was added dropwise, under nitro- 
gen, a solution of 6.46 g of 13-phenoxy-l-tridecen-4-ol 
in 25 ml of dry tetrahydrofuran. The solution was 
warmed to 50° C. and a solution of 2.91 ml of benzyl 
bromide in 25 ml of dimethylformamide was added. 
The mixture was refluxed for 4 hours, cooled to room 
temperature, and quenched with 10 ml of water, and 
concentrated. The concentrate was extracted with hex- 
ane/diethyl ether (2:1 by volume) (3x100 ml). The 
combined extracts were washed with water (200 ml) 
and a saturated aqueous solution of sodium chloride 
(200 ml), dried over anhydrous magnesium sulfate and 
concentrated to an oil. The oil was chromatographed 
by high pressure liquid chromatography using diethyl 
ether:hexane (1:49 by volume) to give 6.34 g (75%) of 
4-benzyloxy- 13-phenoxy- 1 -tridecene. 

ANALYSIS: Calculated for C 2 6H 2 «02: 82.05 %C; 
9.59%H; Found: 82.08%C; 9.53%H. 

Step 3 

To 388 ml of a 0.5 M solution of 9-borabicyclo[3.3.1- 
jnonane in tetrahydrofuran was added dropwise, under 
nitrogen, a solution of 66.3 g of 4-benzyloxy- 1 3 - 
phenoxy-1 -tridecene in 100 ml of tetrahydrofuran. The 
solution was stirred for 3 hours, then quenched by the 
sequential addition of 98 ml of ethanol, 34 ml of a 6 N 
solution of sodium hydroxide and 70 ml of 30% hydro- 
gen peroxide. The mixture was heated at 50* for 3 hours 
and then allowed to stand at room temperature over- 
night. Upon standing the mixture formed aqueous and 
organic layers. The organic layer was washed with 100 
ml each of a 10% aqueous solution of sodium sulfite and 
a saturated aqueous solution of sodium chloride, dried 
over anhydrous potassium carbonate and concentrated. 
The residue was taken up in a mixture of diethyl ether:- 
hexane (1:4), filtered, and concentrated to give 68.35 g 
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of an oil. High pressure liquid chromatography of 24 g 
of the oil using as an eluent hexane/diethyl ether (2:1 by 
volume) gave 19.02 g (77%) of 4-benzyloxy-13- 
phenoxy-tridecan-l-ol as an oil. 

Step 4 

To a solution of 6.5 g of 4-benzyloxy-13-phenoxy- 
tridecan-l-ol in 60 ml of carbon tetrachloride was added 
dropwise, in the following order, 4.7 g of 2-bromoethyl 
phosphodichloridate and 2.7 ml of triethylamine. The 10 
mixture was stirred at room temperature for 2.5 hours, 
filtered, and concentrated. The residue was taken up in 
60 ml of tetrahydfuran, and 60 ml of a 0.5 M sodium 
acetate was added. The mixture was stirred at room 
temperature for 60 hours, quenched by the addition of 15 
20 ml of a 5% aqueous solution of hydrochloric acid 
and 30 ml of a saturated aqueous solution of sodium 
chloride, and extracted with ethyl acetate (3 X 100 ml). 
The combined extracts were dried over anhydrous 
magnesium sulfate and concentrated. Flash chromatog- 20 
raphy of the concentrate using 5% methanol/- 
chloroform as the eluent gave 3.4 g (30%) of 2-bromo- 
ethyl (4-benzyloxy- 13-phenoxytridecan-l-yl)phosphate. 

A solution of 2-bromoethyl (4-benzyloxy- 1 3- 
phenoxytridecan-l-yl)phosphate (3.21 g) in 23.2 ml of 25 
chloroform, 37.5 ml of isopropanol, 37.5 ml of acetoni- 
trile and 72.7 ml of a 33% aqueous solution of trimethyl- 
amine was stirred at 50" for 20 hours. The mixture was 
concentrated, and the concentrate purified by flash 
chromatography using as successive eluents chloro- 30 
form/methanol (9:1 by volume) and chloroform/me- 
thanol/5% aqueous ammonium hydroxide (13:7:1 by 


g of silver carbonate was added. The mixture was re- 
fluxed for 2 hours, fdtered and concentrated to a gum. 
Flash chromatography of the gum using as successive 
eluents chloroform/methanol (9:1 by volume) and chlo- 
roform/methanol/water (65:25:4 by volume) gave 2.08 
g of 4-hydroxy-N,N,N-trimethyl-9-phenylmethoxy-3,5- 
dioxa- 1 8-phenoxy-4-phosphaoctadecan- 1 -aminium, 4- 
oxide, hydroxide, inner salt monohydrate as a solid, 
m.p. 173°- 175°-. 

ANALYSIS: Calculated for C31H50NO6P.H2O: 
64.00%C; 8.70%H; 2.41 %N; 5.32%P; Found: 
63.70%C; 8.93%H; 2.34%N; 5.33%P. 

EXAMPLE 14 

4,9-Dihydroxy-N,N,N-trimethyl-3,5-dioxa- 1 8-phenoxy- 
4-phosphaoctadecan-l -aminium, 4-oxide, hydroxide, 
inner salt dihydrate 

A mixture of 12 g of 4-hydroxy-N,N,N-trimethyl-9- 
phenylmethoxy-3,5-dioxa-18-phenyoxy-4-phosphaoc- 
tadecan-1 -aminium, 4-oxide, hydroxide, inner salt 
monohydrate, 150 ml of ethanol, 50 ml of acetic acid 
and 1.5 g of 5% palladium on carbon was hydrogenated 
for 20 hours at 56 psi, filtered and concentrated. Flash 
chromatography of the residue using as successive elu- 
ents chloroform/methanol (9:1 by volume) and chloro- 
form/methanol/water (120:30:4 by volume) gave 7.9 g 
(74%) of 4,9-dihydroxy-N,N,N-trimethyl-3,5-dioxa-18- 
phenoxy-4-phosphaoctadecan- 1 -aminium, 4-oxide, hy- 
droxide, inner salt dihydrate as a solid. 

ANALYSIS: Calculated for C24H44NO6P.2H2O: 
56.56%C; 9.49%H; 2.74%N; 6.07%P; Found: 
56.48%C; 9.14%H; 2.91%N; 6.14%P. 


REACTION SCHEME A 


O 

R'tCH^CH + CH 2 =CH(CH 2 )„ ! -2— MHal 
1 2 


OH 
I 


"> R^CH^)— C— (CH2) m _ 2 — CH=CH 2 
H 


OR 2 
i 

Rl(C„H 2/1 )— C— {CH 2 ) m — OH 
H 


OR 2 

RHC„H 2n )— C— (CH 2 ) m _ 2 — CH— CH 2 
H 


5 4 

R 1 is hydrogen 

R 2 is alky], or phenyl substituted or phenyl unsubstituted benzyl 

Hal is chlorine, bromine or iodine 

M is magnesium or lithium 

n and m are as previously defined 

X is halogen 


volume) to give 3.14 g of the hydrobromide. The hy- 
drobromide was taken up in 50 ml of methanol and 1.5 


REACTION SCHEME B 


R 1 (C n H 2fl )CH=CHi 


(1) O3 

(2) CH;=CH(CH 2 ) m _ 2 — MHal 


OH 

■> R 2 (C B H 2 „)— C— (CH 2 ) /n „ 2 — CH=CH 2 
H 
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-continued 


REACTION SCHEME B 


OR 2 
I 

R (C m H 2b ) — C — (CH2)m — OH 
H 


OR 2 
I 

Rl (C^H 2 «)-C— (CH 2 ) m _ 2 — CH=CH 2 
H 


5 4 

R' is phenyl or phenaxy 

R 2 is alkyl, phenyl substituted or phenyl unsubstituted benzyl 

H*l is chlorine, bromine or iodine 

M is magnesium or lithium 

m and n are as previously defined 

X is halogen 


REACTION SCHEME C 


O 

R^nH^MHal + H— C— (CH 2 ), 
7 8 


OH 

R^H^C^CH. 
H 


m— 


'r 2 x 


OR 2 
I 

R J C«H 2 «-C(CH2) m OH 
H 


OR 2 

R»C„H 2 „-C(CH2) m 
H 


5 10 
R 1 is hydrogen 

R 2 is alkyl, o* phenyl substituted or phenyl unsubstituted benzyl 

Hal is chlorine, bromine or iodine 

M is magnesium or lithium 

m and n are as previously defined 

X is halogen 


REACTION SCHEME D 

OR 2 O O — 1 O O— CH 2 

Rl— CH 2n — C— (CHi)™— OH + C1P > rI_ Cji h 2ii — CH— (CHa)„— O— P 

H O — ' O— CH 2 


A 

/ NR*R 5 R 6 
13 


OH O ^K* OR 2 O K* 

R— C„H 2 „— CH— (CH 2 ) m — O— P— OCH 2 CH 2 — N—R 5 < R l — C„H 2 „— CH— (CH 2 ) M --0— P— OCH 2 CH 2 — N— R 5 

R 6 O- N R* 


15 14 


R 1 is hydrogen, phenyl, or phenoxy 

R 2 is alkyl or phenyl substituted or phenyl unsubstituted benzyl 
n, m, R 4 , R 5 and R 6 are as previously defined 
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REACTION SCHEME E 
OR 2 O OR 2 O 

R 1 — C fl H 2n — C— (CH 2 ) W — OH + Cl2POCpH 2 ^Hal >R>— C„H 2n — CH— (CH 2 ) m — O— F— 0—{CpH 2p )Hal 

H 16 O- 


/ 

/ + NR 4 R 5 R 6 


OR 2 OR 4 OH O R 4 

R 1 — C B H 2n — CH— (CH 2 ) TO — O— P— O— (C^H^N— R 5 > R 1 — C„H 2n — CH — (CH 2 )m — O — P — O — (CpH 2 p) — N — R 5 

O- R 6 O- R 6 

18 19 
R 1 is hydrogen, phenyl, or phenoxy 

R 2 is alkyl or phenyl substituted or phenyl unsubstituted benzyl 

Hal is chlorine, bromine or iodine 

n, m, p, R 4 . R 5 and R 6 are as previously defined 
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what is claimed is: 

1. A method of treating a patient having a phospholi- 
pase A2 mediated condition comprising administering to 
said patient an effective amount of phospholipase A2 
inhibiting compound of the formula 


OR 2 O 

1 11 1 , 

R>— A— C-(CHj) m - O— P— Al— R* 

H O— 
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wherein R 1 is selected from the group consisting of 
hydrogen, 
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wherein a is an integer having a value of 0 to 2, inclu- 
sive, X is selected from the group consisting of alkyl 55 
radicals having 1 to 6 carbon atoms, inclusive, alkoxy 
radicals having 1 to 6 carbon atoms, inclusive, halogen, 
hydroxy and trifluoromethyl radicals, b is an integer 
having a value from 0 to 2, inclusive, and Y is selected 
from the group consisting of alkyl radicals having 1 to 60 
6 carbon atoms, inclusive, alkoxy radicals having 1 to 6 
carbon atoms, inclusive, halogen, hydroxy and trifluo- 
romethyl radicals; R 2 is selected from the group consist- 
ing of hydrogen, alkyl radicals having up to 6 carbon 
atoms inclusive, and ti5 


— (CH 2 ) 


wherein c is an integer having a value of 0 to 1 and Z is 
an alkoxy radical having 1 to 6 carbon atoms; R 3 is 

R 4 

— N— R 5 

\. 

wherein R 4 is an alkyl radical having up to 6 carbon 
atoms, inclusive, R 5 and R 6 are independently alkyl 
radicals having up to 6 carbon atoms, inclusive, or, 
taken together with the nitrogen atom to which they are 
attached form a group of the formula 


— N — (CH 2 ) r 


wherein r is 0 or 1; A is a bivalent radical of the formula 
— C„H2n — wherein n is an integer having a value from 
1 to 20, inclusive, and m is an integer is an integer hav- 
ing a value of 3 or 4; and A 1 is a bivalent radical of the 
formula — CpH2p wherein p is an integer having a value 
from 2 to 10, inclusive, with the proviso that the sum of 
n and p does not exceed 25; the geometrical isomers, or 
optical antipodes thereof. 

2. A phospholipase A2 inhibiting composition com- 
prising an inert phospholipase A2 inhibiting adjuvant 
and, as the active ingredient, an amount effective in 
phospholipase A2 inhibition of a compound as defined in 
claim 1. 

3. A method of alleviating pain in a mammal which 
comprises administering to a mammal a pain alleviating 
effective amount of a compound as defined in claim 1. 


